Aspartate pathway is essential in bacteria, fungi and plants. Any block in the pathway is lethal to the organism. Microbial resistance towards the drug molecule and the side effects exhibited by the drugs are the key basis for searching novel antimicrobial compounds. Since ancient times, medicinal plants are serving as remedies for several diseases and as a source for variety of components. The present study aims on identifying the potential phytocompounds reported from Sphaeranthus indicus and Wrightia tinctoria that can inhibit the pathway enzymes viz., Aspartate kinase, Aspartate semialdehyde dehydrogenase, Homoserine dehydrogenase and Homoserine O-Acetyl transferase. The availability of literature for this pathway is very limited and this work would serve as basis for exploring unique antifungal targets in the future. Among the phytocompounds docked, the first five compounds showing least G. score value were considered. Docking studies conclude rutin, sphaeranthanoloide and chlorogenic acid as potent inhibitors that can be further studied for developing antifungal agents.
Introduction
Aspartate pathway is present in fungi, bacteria and plants. It is essential for synthesis of amino acids, methionine, threonine and isoleucine. Aspartate pathway is regulated via feedback and repression mechanisms and the pathway is primarily regulated by Aspartate kinase and Aspartate semialdehyde dehydrogenase in bacteria and fungi [1] . Blocks in the aspartate pathway are inhibitory to the growth of microorganism and may be fungicidal in nature. The enzymes under study are well reviewed and importance of these enzymes in cell machinery is also revealed in various studies [2] [3] . In bacteria, the enzyme Aspartate semialdehyde dehydrogenase appears to be an essential target, since it performs a key step in the production of critical metabolic intermediate, diaminopimelate (DAP), a required component for bacterial cell wall synthesis and sporulation [4] [5] . Homoserine O-acetyl transferase initiates the commitment step towards the synthesis of methionine and is being targeted in the current study. Methionine is essential for the cell growth and deletion of MET gene is detrimental to the survival of the microbe/fungi [6] . Humans lack this pathway and therefore these are essential amino acids that must be supplemented through diet. The presence of this pathway in fungi and its absence in human makes it an ideal mechanism to explore for the development of antifungals [7] . In this study, Aspartate kinase (AK), Aspartate semialdehyde dehydrogenase (ASD), Homoserine dehydrogenase (HSD) and Homoserine O-acetyl transferase (HOAT) are the enzymes in focus because of their role in intermediate steps before the pathway is diverged at branch point and is committed to amino acid synthesis (Fig.1) .
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Fig. 1: Overview of Aspartate pathway in fungi shows enzymes targeted in present study
Studies on natural products from plants are presently gaining momentum due to the occurrence of resistant strains of the pathogenic organisms and significant side effects of the drugs. Sphaeranthus indicus Linn. (Family: Asteraceae) is abundantly available as weed in rice fields. The traditional uses of plant include treatment of nervous depression, skin diseases, leucoderma, jaundice, scabies and psoriasis. The phytochemical and pharmacological aspects of the plant have been reviewed in various papers [8] [9] [10] [11] . Wrightia tinctoria (Roxb.) R.Br. (Apocynaceae) is commonly called jaundice curative tree. It is also effectively used as home remedy for psoriasis and other skin infections. 777 oil, prepared using Wrightia tinctoria leaves and coconut oil, is a patented formulation used to treat psoriasis [12] . Owing to the traditional uses of these plants in skin diseases these plants have been selected to evaluate their antifungal aspects. In the previous study [13] , it was demonstrated that Sphaeranthus indicus and Wrightia tinctoria had significant antifungal activity. Therefore, the reported compounds of these plants were explored using docking studies against aspartate pathway enzymes.
Materials and Methods
The 393 amino acid sequence of AK protein of Saccharomyces cerevisiae was retrieved from the UniProt (ID-P10869). Similarly, the sequence of HOAT with 486 amino acids of Saccharomyces cerevisiae was obtained from Uniprot (ID-P08465). Ab-initio modeling was done using ITasser available at http://zhanglab.ccmb.med.umich.edu/I-TASSER. Best model was validated using SAVES online server (http://nihserver.mbi.ucla.edu/SAVES) and energy minimization done using Swiss PDB. Active site was predicted using Ligsite (http://projects.biotec.tu-dresden.de/pocket).
Crystal structure of ASD (381 amino acid) from Candida albicans and HSD from Saccharomyces cerevisiae (359 amino acid) was downloaded from Protein Data Bank (www.rcsb.org) with PDB ID: 3HSK and 1Q7G, respectively.
The reported phytocompounds (Table 1) of Sphaeranthus indicus [14] and Wrightia tinctoria from literature was docked using Glide module of Schrodinger software. Glide score is earlier proved to be a reliable scoring function for docking studies [15] [16] . Thus, on the basis of the glide score, the interaction in this study has been compared and the compounds have been sorted for being probable inhibitors.
Results and Discussion
The structures modeled using I-Tasser were selected based on the C-score where a higher score implies a better model [17] . For both AK and HOAT, the first models were selected for further studies with a c-score of 0.17 and -2.01 respectively. The active site predicted by Ligsite for both the modeled AK and HOAT were determined as active pockets for further docking studies. The precision of Ligsite to accurately determine the active pockets of a protein is previously described [18] .
Blocking the aspartate pathway is the basis for developing novel antifungals. Non-amino acid inhibitors of fungal AK was first reported by Bareichet al. [7] who demonstrated that the pathway assay is unique and advantageous in identifying new class of antimycotics.
The residues in the predicted active site pocket of AK using Ligsite were Leu191, Val192, Arg230, Gly231, Ala243, Val244, Asn245, His292, His446 and Gln510. Glu278, Asn476, Glu282, Ser281 are involved in the binding of the compounds Rutin, Sphaeranthanoloide, Campesterol, β-sitosterol and Chlorogenic acid with the enzyme AK. Rutin binds with Glu278, Asn476, and Glu282 with the highest glide score of -7.28 followed by Sphaeranthanoloide (G score: -4.06). Sphaeranthanoloide, campesterol, β-sitosterol and chlorogenic acid binds with AK with nearly same affinity as interpreted by the glide score. Deregulation of AK enzyme is lethal to the organism due to accumulation of toxic intermediates [19] . Rutin, Flavonoid-C-glycoside, Chlorogenic acid, 11α, 13-dihydro-3α,7α-dihydroxy-4,5-epoxy-6β, 7-eudesmanolide (Eudesmanoids) and Sphaeranthanoloide showed significant interaction with ASD where the G-score is about -9.34,-7.34, -6.98, -4.66 and -4.19, respectively. Active-site residues Arg112, Lys214 were found to participate in positioning the phosphate group and Glu211, Arg249 were involved in the binding of ASD [19] . Rutin formed hydrogen bond with Lys214with 1.8Å bond length, whereas the rest of the compounds were found interacting with Ser37, Thr12, Ser14 and Gly84. The hydroxyl side chains of these residues are important for binding to 2'-phosphate group of NADP, therefore to precede the catalytic process [20] . From the results, it may be inferred that the compounds may have effect on NADP binding to the enzyme. β-sitosterol, hydroxylactones, bicyclic sesequiterpene lactone, sesquiterpene lactone (7α-hydroxyeudesm-4-en-6-12-olide), sesquiterpene acid (2-hydroxycostic acid), β-eudesmol, ilicic acid, sterol glycoside (7-hydroxy frullanolide), sesquiterpene glycoside (sphaeranthanolide), Eudesmanolides (11α,13-dihydro-3α,7α-dihydroxyfrullanolide, 11α,13-dihydro-7α,13-dihydroxyfrullanolide, 11α,13-dihydro-7α-hydroxy-13-methoxyfrullanolide), peptide alkaloid 1, peptide alkaloid 2, sesquiterpenoids (cryptomeridiol, 4-epicryptomeridiol), eudesmanoids (11α,13-dihydro-3α,7α-dihydroxy-4,5-epoxy-6β,7-eudesmanolide, 11α,13-dihydro-7α-acetoxy-3β-hydroxy-6β,7-euudesm-4-enolide, 3-keto-β-eudesmol), flavonoid Cglycoside (5-hydroxy-7-methoxy-6-Cglycosyl flavones) Wrightia tinctoria β amyrin, α amyrin, Beta-sitosterol, Lupeol, Rutin, Indigotin, Indirubin, Isoricinolic acid, Cycloartenone, Tryptanthrin, Desmosterol, Isatin, Campesterol, Cycloeucanol, Stigmasterol, Chlorogenic acid, Ursolic acid, Oleonolic acid, Dihydrocanaric acid, Wrightial, Cycloartenol
The structure of HSD is unique and composed of three regions, viz., nucleotide-binding region, dimerization region and catalytic region. The folds formed between dimerization region and the catalytic region encompasses active site residues. 2-amino-5-hydroxyl -4-oxopentanoic acid, a natural product had been chemically validated and found to target HSD [21] . In S. cerevisiae, catalysis/substrate binding residues include Glu208, Asp214, Thr176, Asp219, Lys223 and Lys177 [22] . In the present study, Rutin, Sphaeranthanoloide and Chlorogenic acid were found to have hydrogen bonding with the important residues of HSD, Thr176, Asp214, Glu208, Asp219 and also had glide score of -10.67, -7.00, -7.6, respectively. Moreover these three compounds had good interactions with HOAT with glide score of -6.07, -7.27, -8.4, respectively.
The active cavity was predicted by Ligsite to be lined by Thr75, Gly76, Trp83, Lys177, Lys181, Thr241, Arg242, Phe245, Ser277, Asn355, Phe357 and Ala462 in HOAT Ser is suggested to be involved as catalytic nucleophilic residue and in S. pombe, Ser163, Asp403, and His432 form the catalytic triad [23] .From the results of the present study it was observed that in HOAT, Ser (313)was involved in the interaction with Flavonoid-C-glycoside, Rutin and Chlorogenic acid which shows that these 3 compounds may have inhibitory activity on the catalytic function of HOAT. Docking results with least glide score of first five compounds are given in detail in Table 2and 3. The mode of binding of the phytocompounds with the enzymes is given in Fig. 2and 3.
From this study, it can be shown that the compounds seem to have a higher affinity towards ASD, HSD and HOAT than towards AK. Rutin, Sphaeranthanoloide and Chlorogenic acid shows higher binding affinity with all the enzymes of interest. Rutin, a flavanol, shows high binding affinity in docking studies against all the aspartate pathway enzymes. Sphaeranthanoloide is a sesquiterpene glycoside isolated from Sphaeranthus indicus flower [24] showed significant interaction in present study. Apart from this, peptide alkaloids, eudesmanoids and sterols are showing affinity toward the enzyme targets.
The previous work [13] , clearly demonstrated the antifungal activity of Sphaeranthus indicus and Wrightia tinctoria extracts. From the results, it can be concluded that rutin, sphaeranthanoloide and chlorogenic acid may be the highly probable inhibitors of the aspartate pathway and can be utilized in the development of antifungal agents. In fungi, only few reports are available on functional importance of these enzymes and intermediates. The mechanism for regulation of the pathway is different in fungi and bacteria [25] . Reports are lacking regarding the inhibitors of the enzymes studied here. Since, the pathway is relatively new, no standard inhibitors are suggested in any studies for structural comparison. In another study [26] , antifungal drug 5-hydroxy-4-oxonorvaline and its structure activity relationship with HSD. ASD active sites have been described earlier [20] . Structural studies are not available for AK and HOAT which restricts in choosing any reference inhibitor for interaction analysis. The selection of novel antifungal targets in the aspartate pathway is still devoid of any conclusive work in silico. There is lacunae in the research which prompts to use the present study for future research purposes.
The mode of fungal inhibition by these phytocompounds has to be ascertained further. More studies are required to develop efficient drug delivery systems to improve pharmacokinetic profile of these natural compounds. 
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